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Abstract 
There is no dispute over the importance of sustainability. We know already that our cities, the containers of our 
behaviors, have to use resources considerately in respect with their ecology. Yet, as our behaviors’ technological context 
advances, we have taken successive step away from our sustainable design solutions. Eventually we are going through over-
decades-accumulated consequences of our nature-striking industrial and consumption technics. Moreover, studied climate 
changes projects an unacceptable outlook of future unless we modify our today technology consumption in the first step, and 
direct our technics toward procedures that has each ecosystem energy pathways at the root, literally toward sustainability. In this 
study we seek if presumably there exist threads of sustainable methods we used in past (e.g. organic production methods that has 
closer forms to natural ecosystems). As the ultimate goal we aim to develop them to scales or intensities that responds to today 
world’s rates leading to take a step ahead in modern responsive urban design solutions. 
Traditional context of Bushehr a city located in the south of Iran is a case study with significant advantages, one due to 
using traditional solutions to wide range of severe climate conditions and the other, it has an extremely unexploited traditional 
pattern as the date study performed. This study derives the common patterns of Bushehr’s urban design from the large-scale to 
the small-scale, and proceeds to analysis and evaluation of these patterns.  
Reviewing the traditional patterns gives us a benevolent handbook of experimented solutions used in the past. Also 
there is a gradually emerging need for primitive or iconic design objects to represent originality of the context. Here there are 
problems of this subjected discussed in the study. 
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1. Introduction 
Earth’s human-made climate change has raised more and more discussions among representatives of the building 
industry in the past decade [1, 2 and 3] and a new sensibility within practitioners of the building industry is emerged. 
Researchers has demonstrated that this sensibility tends to believe that it is necessary to adapt with nature and 
develop new ways of addressing climate change [4]. 
Meanwhile, traditional patterns are inspiring the new generation of Iranian urban designers to design integrated 
urban environments more sustainable [5]. They argue that these traditional patterns are useful in learning how to deal 
with the local climatic conditions. Many of the long-standing Iranian mosques and bazaars are still providing 
conditions of comfort for their users without any active technology [6, 7]. In the past due to technological 
incapability for producing high power sources, and today due to decreasing consumption of energy (and undesired 
effects and products brought), there is a remarkable tendency to create solutions based on maximized use of energy 
pathways available in ecosystem of the regions. If we are to deploy the experiences of bygone generations in 
devising these strategies, we must consider the traditional urban patterns treasurable records for designers, with the 
potential of educating them in the ways of sustainability. Also, by comparing the energy demand between 
contemporary and traditional cities, the value of researching their urban patterns can be understood. 
With this aim in mind, this case study investigates the traditional context of Bushehr, a city in the south of Iran. 
Bushehr’s architectural and urban design is held in high regard, especially because of its solutions in the face of 
severe atmospheric conditions, and its traditional context is quite intact. 
According to many space syntax analysis, a correlation exists between geographical location and climate and the 
natural urban form, the morphology of cities and their elements and components. The present paper’s objective is to 
evaluate climatic conditions and needs of the city, analyze the urban structure and context, make a greater rule to 
reach in practical details of solutions and provide answers for the following questions: 
x What climatic conditions has influenced the traditional context in the city of Bushehr? 
x What passive, climatic techniques and strategies have been deployed in the structure of traditional cities? 
x How successful were traditional cities in using potentials of the micro-climate to offer conditions of comfort? 
2. Approach 
Through empirical understanding of conditions for comfort and quantitative analysis in the micro-climates of 
Bushehr, the present study is set to divulge the correlation between climate and how the traditional context is 
formed. First, it investigates the influential factors in the formation of Bushehr’s context. Next, based on the 
morphological analysis of the city, the study investigates pathways and their details, plazas, buildings and their 
adaptation with Bushehr’s climate. 
Since climatic conditions has led to many of the techniques and strategies in the local architectural and urban 
structures, accurate understanding of climatic needs can offer guidance to better understanding of their systematic 
formation. Thus, the present study uses a descriptive-analytic approach to explore various climatic factors, to 
uncover the critical needs of the urban context in providing the conditions of comfort via analytic diagrams, and to 
assess local potentials and limits. Therefore, the passive strategies concerning the explored needs can be perceptible. 
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3. Context Characterization 
3.1.  Geographical Context 
Bushehr port is the northern tip of the Bushehr peninsula on the eastern shores of the Persian Gulf, with a latitude 
of 28 degrees 54 minutes and a height of 8.4 meters above the sea level. It stands between a minimum of 50 degrees 
and 40 minutes and a maximum of 51 degrees and 10 minutes east of the Greenwich meridian (Fig. 1). Because of 
its proximity to the sea, groundwater layers are close to the surface. The slopes of the land in the city are no more 
than 5%. Gentle slope and high groundwater have produced the infamous swampy lands of Bushehr. Like most of 
the southern Iran, Bushehr has a plenty of variations in vegetation, most notable the dense and beautiful mangrove 
(Avicenna marina) forests.  
 
 
Fig 1. Geographical location of Bushehr. (a) Aerial view of Bushehr; (b) Bushehr's traditional context in the province; (c) the position of Bushehr 
Province in Iran [8] 
3.2. Hot and Humid Climate of Bushehr 
Due to a slight elevation and proximity to the equator and the sea, Bushehr is hot and humid. Average maximum 
temperatures vary from 38.1◦c in August to 18.6◦c in January and the average minimum temperature from 33.1◦c in 
January to 14.5◦c in July. July is the warmest and January is the coldest month. For a great part of the year, from 
April to mid-October, the average maximum temperature is higher than 30◦c. 
In general, Bushehr’s relative humidity is high throughout the year, which varies from 44% to 85%. Since each 
month’s average relative humidity is measured at 55% to 75%, every month is considered rather wet [9]. (Fig. 2) 
 
 
Fig. 2. Average temperature and relative humidity of Bushehr [9] 
 
a b c 
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Average relative humidity increases during the warm months of the year, when temperature is over 38◦c. At noon, 
it top 40% and 60% at dawn, and so occurs the sultry effect. When the relative humidity is high, the human body 
tends to sweat less and feel less comfortable. It becomes critical to devise strategies for providing conditions of 
comfort in the long, sweltering days of Bushehr. Many of these strategies can be found in the traditional context of 
Bushehr. In general, based on monthly temperature and humidity, one can state that Bushehr has mild winters and 
extremely hot, humid and unfavorable summers. 
 
  
Fig. 3. (a) Sun-path Diagram of Bushehr for outdoor thermal condition [9]; (b) Bushehr’s average daily solar radiation on horizontal surface [10] 
Due to staple sunlight angle and clean atmosphere, Bushehr has a high intake of sunlight radiation on its surface 
throughout the most of the year. (Fig. 3. a) The highest daily intake of sunlight radiation is in January, which is circa 
7.5 kWh/m2. As for intake of solar energy, Bushehr is considered a high radiation area. While because of its 
proximity to the sea and its humidity, the amount of infrared is high, causing eye strain and discomfort. Therefore 
the colour and material of the exterior walls must be chosen accordingly with care [11]. (Fig. 3. b) 
 
 
Fig. 4. Bushehr outdoor thermal condition based on heat index psychometric chart [12] 
According to Bushehr’s “outdoor universal thermal climate index” (Fig. 4), which is based on average air 
temperature and relative humidity in different months, heat stress occurs in the months with air temperature higher 
than 30◦c and relative humidity higher than 60%. About four months of each year heat stress is high, and about four 
months it is average. From mid-autumn to late winter heat stress does not exist and the weather condition is mild. 
 
a b 
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Fig. 5. Climatic Need Calendar of Bushehr for outdoor thermal condition based on UTCI [12] 
Bushehr’s Climatic Need Calendar (Fig. 5), which is plotted in accordance with the Universal Thermal Climate 
Index (UTCI), demonstrates the months in which heat stress occurs. It begins in April with a medium amount, 
increases in May and June, and from mid-June to mid-August it is observed all day and all night. During this period, 
heat stress is extremely high from noon to evening. Gradually, heat stress decreases during September and October.  
 
 
Fig. 6. Wind Rose Calendar of Bushehr [13] 
Wind Rose Calendar of Bushehr, plotted with three hours to three hours statistics, demonstrates the order of 
prevailing and co-prevailing winds and their frequency throughout the year. Most days the prevailing winds blow 
from northwest as moderate breezes (no faster than five meters per second) and co-prevailing winds flow from west. 
In July and August afternoons, west winds are more frequent than others. In summer, the winds directions change 
from northwest to west, southwest and south during different hours of the day [9]. (Fig. 6) 
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Generally the winds that blow from the northwest toward coasts of the Persian Gulf and travel over the plain of 
Tigris and Euphrates influence the Persian Gulf coasts all year round as well. These winds can ameliorate urban 
space by ushering humidity out and adjusting air temperature. 
 
By combining Bushehr’s Climatic Heat Index, Climatic Need Calendar and Wind Rose Calendar, it can be 
deduced that dealing with sunlight and extreme heat, high amount of humidity and sultry effect is critical in 
Bushehr’s context. In general, the most unfavourable factor in Bushehr’s climate is dampness of the skin; thus, 
adjusting humidity and air temperature is vital, especially in the summer. The sultry effect occurs more than half of 
the year; so providing air currents and wind streams in the pathways of the context is necessary. Maintaining 
effective and constant ventilation helps to provide conditions of climatic comfort. During the days with high levels 
of heat stress and relative humidity, using favorable wind, which blows from the sea, improves the air condition and 
carries the humidity walled within the urban spaces. Also, shading and protecting the horizontal surface from 
sunlight can help (in most cases) to improve the urban context. 
 
In general, the following strategies are expected to help maintaining conditions of comfort in Bushehr: 
x Arranging pathways according to the favorable winds 
x Providing vertical ventilation to provide air currents and to dehumidify the context 
x Using proper dimensions and proportions of buildings to shade and avoid the influx of sunlight into the context 
x Produce effective air current by altering direction and dimensions of pathways 
x Forming sub-blocks to cut moistness and air temperature 
x Using vernacular elements in the building facades which help ventilation and air turbulence 
x Using bright-colored, light and low thermal capacity materials in buildings 
4. Analysis of Patterns 
After studying climatic potentials, limits and needs of the context, the rest of the present study sets to examine 
and analyze the context’s patterns of strategies. Analytic diagrams are plotted to demonstrate the strategies’ 
approach to two essential climatic elements of the context: the sunlight and the wind.  
4.1. Formation of Pathways 
The most critical need of the city is natural ventilation in order to decrease relative humidity and air temperature. 
Drawing the medians of the triangle circumambient to the city reveals the axes alongside which the pathways 
network of the city has formed to maximize the amount of intaken prevailing winds and local breezes to and from 
the sea.  By distancing from the northern tip and decreasing the influx of the northern breezes, pathways are 
knowingly strengthened in the eastern-western axis to utilize the western winds. (Fig. 7) 
 
 
Fig. 7. (a) analysis of the winds currents and pathways network; (b) aerial view and diagram of spatial relationships in north of the city; (c) aerial 
view and diagram of spatial relationships in south of the city [14] 
a b 
c 
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4.2. The Web of Plazas and Pathways 
A recurring strategy that provides natural ventilation is maintaining high densities of small open spaces 
throughout the context. Blowing, winding and whistling of the wind is substantially experienced in the network of 
pathways. The incremental potential of winds, as it travels through passages, is suddenly freed in plazas, which 
results in a favorable experience for the pedestrians. (Fig. 8) 
 
 
Fig. 8. Photos and diagrams of passages and plazas throughout the context [14] 
Achieving a higher level of climatic comfort is also dependent on another traditional pattern of Bushehr’s 
context, which can be justified by use of Venturi law. The network strengthens the air currents alike a calculated 
mechanical system, and in a way practices the economics of energy in utilizing the wind. (Fig. 9) 
 
 
Fig. 9. Web of pathways and plazas. (a) Aerial view of Bushehr, integration of pathways and plazas; (b) Analytic diagram regarding Venturi law 
 
 
 In the traditional context of Bushehr, plazas are close together and dense. They are placed in 20 to 60 meters of 
distance from one another. The plazas are arranged so as the distances between the eastern and western side of the 
city increase (and thus drops the load of sea breezes in the center), the number and density of plazas gets larger and 
the distances between them decrease. (Fig. 10) 
 
a 
b 
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Fig. 10.  (a)  diagram regarding the placement of plazas through the passages and the distances between them; (b) morphology of plazas 
4.3. Morphology of Intersections 
The tangled web of passages and plazas produces a high density of intersections and reduces the number of dead-
ends, which results in stronger wind currents. Also, three-way intersections intake, carry and spread the wind far 
better than four-way ones. (Fig. 11) 
 
 
 
Fig. 11. Morphology of pathways and the analytic diagram of various three-way intersections 
4.4. Proportioned Pathways 
Since providing the conditions of climatic comfort and economics of energy is often achieved by reducing the 
sun-exposed surfaces and producing density, there is a meaningful correlation between a city’s density and its 
sustainability [15]. Traditional context of Bushehr has a very dense urban texture, but it also has high fraction of 
open spaces. This is possible through building houses around central yards and providing a large number of 
pathways and plazas. Positive and negative spaces are wonderfully mixed as if instead of building masses in space, 
builders have carved spaces into mass. (Fig. 12) 
 
a b 
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Fig. 12. Open spaces in the context: pathways, plazas and central yards [14] 
Alleys of the traditional context of Bushehr are among the narrowest pathways in Iranian cities. These alleys are 
so taut that make it difficult for two individuals to walk alongside each other with a distance between them (thus 
they are called “reconciliation alleys”). The ratio of width to height in these alleys are often 1:5 to 1:10. (Fig. 13) 
 
 
Fig. 13. (a) Diagram of comparisson between pathways’ width and their affluency; (b) one pathway 
 
 
Fig. 14. Diagram of proportioned passages and the optimized width/height ratio. 
a b 
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According to the sunlight angle in the context, the passages are proportioned not only to protect passengers from 
sun exposure but also to reduce the sun-exposed surface of wall-sides to the possible least. As the following diagram 
demonstrates (Fig. 14), the width/height ratio is maintained at an optimized number; a lesser number discomforts the 
passengers and a larger number increases the wall-side surface exposed to sunlight.  
 
Narrowness of pathways has resulted in less occupied land and thus the power to have more pathways around 
buildings and to create urban vessels, which can carry the wind into the warm urban heart and reduce the relative air 
humidity. The number of pathways and urban block sections, one may be allowed to state, is bizarrely large. (Fig. 
15) 
 
 
Fig. 15. (a) diagram of positive and negative spces; (b) comparison between the correlation of blocks’ size to their affliuence. 
4.5. Vertical Ventilation of Pathways 
Stepped projections and variously curved torsion of buildings’ skin, known as wind whip, combined with taut 
and narrow alleys improve the vertical ventilation of sidewalls. The resulted air current not only decreases the 
relative humidity of pathways but also carries away the dampness of buildings’ skin, and thus adjusts the indoor 
humidity of buildings. Therefore, despite the added difficulty of building consoled floor, it is built as such to ease 
the current of air in pathways and discharge of humidity inside the upper floor. (Fig. 16) 
 
 
Fig. 16. (a) example of wind whips [14]; (b) diagram of venturi law in providing vertical ventilation using wind whips. A= Area, P= Pressure, V= 
Velocity 
 
 
 
 
a b 
a b 
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Also, wind whips keep wind currents in the pedestrian height and allow buildings to aim toward the favorable 
wind direction. (Fig. 17)  
 
 
Fig. 17. (a) building direction through wind whip; (b) wind whip adjusting the wind level [14] 
4.6. Pathways Directions 
Plenty of directions through pathways results in variation of sunlight in them, which results in difference of air 
temperature throughout pathway network and so difference of air pressure and produces air current. Often to 
maintain better convection shaded pathways are used in place of porches. Also, the plenty of variations in sunlight 
and shades assures that pedestrians are never in constant sun exposure. (Fig. 18) 
 
 
Fig. 18. (a) plenty of variations in sunlight and shades [14]; (b) diagram of changes in pathway directions and their effect on providing climatic 
comfort 
4.7. Buildings’ Skin Elements 
Wide extroverted porches in second floors are among popular techniques for natural ventilation and producing air 
currents. These porches provide a middle space to avoid direct sun exposure and are often found along the coast 
line. Some of the houses in the sea side and wider pathways employ a clever pattern, known as Shenashil, instead of 
porches. It is half-closed living space made of materials with low heat capacity, such as wood, and acts like a cavity 
skin, protecting building’s main skin from sunlight and rapid thermal equilibrium. Adjustable shades are often found 
in the openings to narrow alleys. Also, southern and western openings are considerably smaller. (Fig. 19) 
 
 
a b 
a b 
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Fig. 19. elements of building skin[14] (a) balustrade; (b) Shenashil; (c) openings 
4.8. central yards 
The proportions of central yards in buildings are indispensable to the process carrying wind and maximizing 
shadows. Throughout Bushehr’s traditional context central yards are, in addition to the backbone of buildings’ 
spatial structure, a vent for the air currents that enter through openings. It is often seen that the yard’s height is larger 
than its width and its length, which allows the yard to shade in most of the daytime. (Fig. 20) 
 
 
Fig. 20. Central yards of the traditional context analytic diagram of context’s section (shading and comparion of central yards’ dimension to 
pathways’s width.) 
4.9. Openings 
To maintain the air current, each space must be equipped with an opening for the air entry in the pressure end and 
an opening for the air outlet in the suction end. So it is best for each space to have access to two front of open air; 
this leads to a mono-layered plan [16]. The mono-layered approach to the mass’ interior plans is demonstrated 
through drawing the urban mass profile. Opposite openings produce agreeable air currents throughout buildings. 
This pattern makes a proper container for generating wind by connecting these openings to central yards. Using this 
strategy assures that the need for the wind-catcher (a frequent pattern in many other cities in Iran) is no longer felt 
(Fig. 21). Also the architecture of Bushehr establishes a hierarchy of introversion and tastefully combines it with 
extrovert openings to produce a hybrid of the two manners of architecture. 
 
a b c 
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Fig. 21. (a) diagram and photos regarding the mono-layerd plan and opposite openings in Bushehr’s traditional context; (b) diagram and photos 
regarding introversion and extroversion of the context [14] 
4.10. Building’s Shadow Casting over One Another 
Often in the context, western sidewall is taller than eastern one. Also, the height difference between roofs and 
low-roofs reduces sun-exposed surfaces and provides more shadows. (Fig. 22) 
 
 
 
Fig. 22. photos and diagrams of roof and skyline in the context, buildings’ shadow casting over one another 
4.11. Groundwater Influence 
Due to the higher height of land in the eastern side of the city compared to the western side, its groundwater level 
has a larger distance from the surface. Hence, there is no need to build early floors to prevent dampness and 
buildings are shorter in the eastern side. In fact, it seems that the city is not built on the soil, rather the land is evened 
by early floors and buildings are built on them. Also, if the city were to build according to the land’s lope it would 
have faced west and intaken more heat compared to its current state. (Fig. 23) 
 
a 
b 
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Fig. 23. Analytic diagram of context’s formation accotding to climatic conditiotions: (a) sun-light; (b) groundwater influence 
4.12. Using Plants in the Yards 
In respect to high density of the context and to avoid any negative impact on the air current in passages, shade 
trees can only be found in building central yards. Ombrothermic diagram for Bushehr demonstrates plants’ need of 
watering during 8 months of each year. Fortunately, a variety of local plants (including decorative and shade) is easy 
to care. (Fig. 24) 
 
 
Fig. 24. (a) Flare of plants through central yards in Bushehr’s traditional context; (b) Ombrothermic diagram for Bushehr [9] 
4.13. Materials 
Due to Bushehr’s proximity to the sea, the essential building material in the context is “Tesk” stone. This spongy 
marine stone has high thermal and hydro capacity. Also, the sponginess of this stone reduces the dead load of 
buildings and allow them to be higher. Its bright color is also a considerable factor in avoiding the heat of the 
sunlight. In elevations, often local gypsum with coarse aggregate is used, which is strong in the face of high 
humidity. Wood has low thermal capacity and is a popular material in the context. “Chandal” wood was imported 
from India. It is extremely tenacious against termite and humidity, and even as thin board has enough strength to be 
used as delicate doors, windows, and louvers. Ceiling beams are also often made of Chandal. To decrease ceiling’s 
dead load, they are often filled with straws sheets. To adjust room’s light, change sunlight direction, and disinfest 
termites, windows are often matched with stained glass. (Fig. 25) 
a
b
a b
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Fig. 25. Chandal wood, Straw sheets, stained glass and Tesk stone 
5. Conclusion 
Exploring the climatic and geographical characteristics of a microclimate reveals the influential factors in its 
formation. Moreover, considering these factors’ correlation with the morphology of a city, reveals the framework 
upon which the structure and various scales of elements in that urban context were established. This approach is 
beneficial in understanding old cities’ solutions concerned with providing conditions of comfort, especially in cities 
with severe climate such as Bushehr. Climatic studies on Bushehr demonstrate that the most critical requirements of 
the city are using air currents to dilute relative humidity and avoiding the harsh sunlight. Also, morphological 
analyzes of the city suggest that the context is largely concerned with sunlight and wind. The severe need of the city 
to wind and shade throughout its context has resulted in the following patterns: 
 
x Formation of the pathways’ network alongside the local dominant wind direction 
x High density of three-way intersections and lack of dead-ends in the tangled web of pathways in order to 
maintain air currents 
x The quasi-mechanical system of pathways and plazas to reinforce the wind via Venturi Law 
x The unique proportions and width/height ratio of the pathways with care according to the angle of sunlight 
x Density of the context while enjoying a plenty of open spaces, which is possible due to the narrowness of 
pathways  
x High number of city blocks in the context and optimized number of buildings in each block 
x Creating urban elements such as wind whips to reinforce vertical air ventilation and align buildings according to 
the wind direction 
x Using strategies such as the plenty of variations in pathway directions to provide air convection through the 
pathways via air pressure difference between places of shade and sunlight 
x Protecting the walls against sun using patterns such as balustrade, Shenashil, and stained glass 
x Context’s mono-layered urban profile and buildings’ central yards and opposite openings to reinforce air 
convection 
x Reducing the sun-exposed horizontal surfaces by providing height differences and using low-roofs. 
x Using bright-colored, indigenous and damp resistant materials with low thermal capacity 
  
This study, which had been set to explore the traditional urban context of Bushehr, was mainly concerned with 
the city’s urban-scale strategies and techniques. It indicates the shared ground between traditional, vernacular 
strategies and contemporary problems of urban design. Many patterns of traditional local design can be revisited, 
and considered in devising modern sustainable patterns of local urban design; patterns which, besides being careful 
with the ecological context and disenthralling us from dependence of active technologies, can facilitate the 
economical progress of our cities. 
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